D
espite the wealth of evidence that many common diseases have a strong heritable component, genetic association studies have provided disappointingly little insight into their pathophysiology. One reason for this is that, buoyed by the success of identifying underlying variants for over 1000 uncommon conditions, researchers have largely continued to ask simple questions of more complex disorders. However, in this issue of Thorax, Park et al 1 (see page 265) present an association study that uses one of a number of new statistical methods that have the potential to produce more biologically relevant associations.
A SHORT HISTORY LESSON
For much of the last century, the suggestion of a genetic association study as we now know them might have raised a few eyebrows, regardless of the leap in technology required. ''Natura non facit saltum'' (nature does not make leaps) was a favourite aphorism of Darwin and greatly influenced mathematical models of adaptation. 2 Accepting such models, which comprise a myriad of elements, each contributing a small overall effect, implies that genetic association studies for complex disorders are fruitless in realistic population sizes. However, since the 1980s experimental evidence has accrued to challenge this notion. In a number of species, individual genetic variants have been shown to account for a large proportion of inherited trait variation, 3 4 although these are markedly in the minority. 5 6 
STUDYING SINGLE POLYMORPHISMS
A plethora of association studies have attempted to locate these few highly influential loci for common, complex traits such as asthma, 7 but there has been little reproducible success. A great deal has been written with a view to improving the design of such studies, including in this journal, 8 but mention of underlying genetic complexity is often made only to support the use of intermediate phenotypes. Under biologically plausible models, 9-13 the chance of a polymorphism in a candidate gene exerting a large effect in isolation remains low, especially in common, heterogeneous conditions. Large populations are therefore required to reliably detect the great majority of contributory effects. By way of example, consider IL13, the candidate gene with probably the greatest support 7 for association with atopy. Variation in this gene has recently been studied in relation to IgE levels in more than 3000 adult individuals from the general population. Although a strong association (p = 0.00002) was seen, polymorphisms explained ,0.6% of the phenotypic variance. 13 One wonders how many effects of comparable magnitude have not been detected in preliminary studies and so have not gone on to be tested in large populations. Given this low prior probability of finding true associations in most genetic association studies, their ''significant'' findings are arguably far more likely to be false positives. 14 
STUDYING MULTIPLE LOCI
Several candidate loci considered together are more likely than a single polymorphism to explain enough of the inherited variability of a trait to be reliably detectable. This simple summation of effects will not hold in all situations, given the great complexity of biological processes. However, considering loci concurrently also affords the chance to detect polymorphisms that together overcome the genetic buffering that stabilises phenotypes against the potentially detrimental effects of mutation. 15 16 Loci exhibit epistasis if their collective effect on a trait is greater than that anticipated given their individual influences (which may be negligible in isolation). The number of these epistatic interactions detected in experimental models appears similar to or larger than the number of loci with independent, additive effects, 17 although this can only be a guide to the situation in humans. An apparent paradox therefore exists in that we have a convincing argument to study many loci concurrently, yet most studies have tested association per individual polymorphism or reconstructed haplotype.
LIMITATIONS OF STANDARD APPROACHES
The primary limitation of a multilocus study has previously been technological, but with advances in genotyping technology and cost, and the explosion of in silico resources, statistical hurdles now curtail such endeavours. Simply applying the statistical test that was used for a single pair of alleles to all genotype combinations has the advantage of being easy to perform (if time consuming), but there is no consensus on interpretation of the results of multiple tests that are not fully independent. Standard regression models can accommodate interaction terms, but this leads to an exponential increase in terms to be estimated. There is a resulting commensurate reduction in informative data for each parameter, therefore errors are large and terms may be erroneously excluded from a model. Both regression modelling and repetitive testing require inferences from the user as to the underlying genetic model.
MULTIFACTOR-DIMENSIONALITY REDUCTION
One method conceived to deal with some of these problems is that used by Park et al 1 in this edition of the journal: Multifactor-dimensionality reduction (MDR). MDR and the related technique of combinatorial partitioning are two of a number of new techniques that seek to handle high-dimensional data to uncover complex relationships, free from assumptions of the genetic model.
The MDR procedure is explained in detail elsewhere, 18 including in the article to which this editorial relates. 1 The approach has three key components: First, multilocus genotype data are collapsed to a single variable with two levels (high and low risk) based on a predetermined threshold for the case-control ratio (eg, .1). Second, the pattern of risk for each possible multilocus genotype is derived from a partition of the data (eg, nine tenths): the ''training set''. The predictive ability of this pattern is tested in the remaining data. Third, the validity of the best predictor is quantified by the repeated division of the dataset into training and testing sets. The probability of obtaining a classifier of such accuracy and validation consistency can be estimated using a permutation test.
Although no technique is a substitute for adequate subject recruitment, one strength of such approaches is their power to detect epistasis in relatively small populations (hundreds of individuals). 19 However, power appears to be markedly affected in the presence of phenocopy or genetic heterogeneity, and awaits formal assessment for three or more polymorphisms and in other scenarios such as gene-environment interactions or epistasis in the presence of main effects. For these reasons and others (eg, the uncertain relationship between a level and linkage disequilibrium), currently MDR is primarily a tool for exploratory analyses.
Several other, complementary, types of machine learning are emerging and evolving, driven in part by the increase in available microarray data. Consistent results from such analyses of multiple genetic and environmental factors will soon emerge, but each will still require validation with a focused hypothesis in a very large study population. A step toward this has recently been taken with the comparison of meta-analysis results for the b 2 adrenoceptor and asthma with findings in more than 8000 members of the 1958 British birth cohort. 20 
CONCLUSION
Park et al 1 are to be commended on using a new technique to consider the relationship between an intermediate phenotype and both single and multilocus genotypes in a large population. Furthermore, their use of logistic regression to confirm their findings of a synergistic action of polymorphisms in vascular endothelial growth factor 2 and tumour necrosis factor a highlights the use of complementary approaches to seek and quantify association. Clearly no firm inference can be made from a single report, but a clear hypothesis has been generated for a replication study and to guide in vitro studies. bmjupdates+ bmjupdates+ is a unique and free alerting service, designed to keep you up to date with the medical literature that is truly important to your practice. bmjupdates+ will alert you to important new research and will provide you with the best new evidence concerning important advances in health care, tailored to your medical interests and time demands.
Where does the information come from? bmjupdates+ applies an expert critical appraisal filter to over 100 top medical journals A panel of over 2000 physicians find the few 'must read' studies for each area of clinical interest Sign up to receive your tailored email alerts, searching access and more… www.bmjupdates.com
